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Ttn proccwring of c m a  dsta by the  computar, especially i n  

tho input 8nd ident i f icat ion 0-8, w i l l  k d4p.ndmt upon tk 

-Ct f O W  O f  tbt &ti. - 8 m m n t 8  8Ut.d: tb C w U t m  in -8 

which contain 8 'bompr.rwdtt -t of information. 

which each word is canrtructed by tb c- eloctroantcr dictatam har 

Ib nwthod by 

it W i l l  b0 dirmentlod aft- it 8 r t f V . r  in Ib. c v t U .  

Tbur it IHQal, pZOp.r, b.f-8 8nC0~ntOrhg tb. &ai18 O f  th. i b -  

t i f i ca t ion  mquonce, to diwwr what tho elm#. olectronic8 does end 

how the computer should hadla the tran8i t  ti- mad magnitud. data from 

the rcaund targets. 

In thio nwraor.ndUm, w w i l l  not attempt .it- to de8- tb. .lac- 

tronicm nor wen to e- an optimum 8yrtma. 

p r m t  a particular canflguratlon which appear# t o  8tItimfy the r8qu-e- 

xmntl, and to di8cuea it in 8ufficient d e t a i l  to  -it a C O ~ C m 8 t 8  

awemumat of w h a t  rho computor mult do during input of the data and 

i&ntif icat ioa OP targem. 

out couc8ra w i l l  b. to 

It ramaim far a latex pham of tba colrtr8ct t o  dm-8  &tailed 

des- parameterr. Re8ult8 of hvutfgatioar during the pa8t two 

1, 2, 3 4  yoan i n  this arm are pru8at.d both in  publlmbd l i t e r a tu re  
4, 5 ,  6, 7, 8 in mhmoranda internal  t o  Control Data Corporation. 
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Ita eummry, thia mnorandura dircurnea the &taction prac8ra 

whmroin information parr80 ruccerrivrly through the camora cllfta , 
photaaultiplier , tranmnitta, racefver, el.ettOnic8 , buffor and 

f ina l ly  c w  t o  reat in the camputer w. 
ly  procurod: phototub. and8 currmt 8nd multiplier voltaga. llhr 

flr8t im urod t o  ~maouf '  entrauca and exit timoo of the trrgot image 

in the rlitm. 

t o  protoct the tuba and i8 therefore w f u l  811 an intelui ty  indic8tm. 

!#to olgaalr are actual- 

Tha Parltfplier VOlt8ga changu w i t h  targat interui ty  

Si- the InmtrmOnt caprule l r  ciotachod from the vehicle, tha 

photaaultlplior output8 are trammittad tnmodi8toly t o  the l8tt.r 

for procerrlng. Baa0 rigaalr are digftieed and fed to the camputor 

2 

3 

4 

5 

6 

7 

8 

Control Data Corporation Buurrch D i ~ l ~ l o a ,  F i n a l  bport: 
Imrutigattosr of Wigation in Cialunar Space, ASD-TDR-62-960, 
Contract Bo. A1p 33(657)-8215, M % ~ n ~ u p o l i r ,  Hinnroota, lhclanrrr 
17, 1962. 

Rarrfngtan, 0. C., "Soire War h l y r i a  of an Optical Star a d  
Plauot &.narrtt, (papmr proHnted a t  th. BatiaM1 Aororpace 
Electronic8 Confermnco, Dayton, Ohio, May 13-15, 1963) 

Coatrol Data Cocporatfoa IZeraanh Divijion, '%mor in Avorago 
TmtUlt Tiar", by Ch.rlu 8. Crorch, 
HLPouow, JunO 1962. 

Bf-109, Minwapolir, 

Control D8ta Corporation Rosaarch Divirion, "Applic8tia~ of 
ConCmtric Mirror Sy8t.m t o  the SCUlAV -a", by E, A. M.Z=O~, Jr., 
SI-113, nirnrupolia, Hinnun- ,  !?~~epb.r 27, 1962. 

Control Data Corporatiom Rmurch Divimtar, 1'F8st Scan Pulaa 
Systan with Optically United Accuracy", by D. C. Rarrlngtors, 

Control Deta Corporation Mr#rch Divl8ion, llAccuracy of l!our 
Scaanlng Csnrra Syrtem Cwortng a W i d e  Scamlag TiaPr R.ags", 
by D. C. Earrlngtaa, '1w-122, Minna8poli8, Mfmrmota, January 
24, 1963. 

m-120, Mi-pOliO, H i W O t 8 ,  JanUrrV 4, 1963. 
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fall. klars t h  b L #  level.  Tbr least bit hero al8o IIwImra 10 

v- 00 tbet (ZP2-1) x ZOO5 41.9 e m  k cant8iad. 
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To k rp imtrrrpnntation t o  a QiaiPuP, t h  -191 fall  the 

gat- i r  u..d for atam. However, a 6-bit Lmrton.ity cod. o v m i t c r r  

tbr upper partion of thU fall  tfaa. 

Bav 24 bit8 is 10- t&n tumded for dtb+r target. 

h-t p h M t  would # t i l 2  ~ a l y  rsquire e l 8  b i t  fall tiaU; urd 

8 atat vrould only raqulru r h  bit.. 

minimm mcomary. 

fw diffomnt t.mt8 aa 8 M h r  a8 porriblo, 24 b i t 8  wa8 cboaen, 

b a m n r .  

ebu8 20 imd 14 bit* am tho 

pbo oc~td  lmgth canr i r tasy .rad to komp apavtioar 

In tho coolputor, thm ward8 a t e  atorad by a abort iutuzupt 

program in two oar- of liata. The firrt te a pair of lirtr, oau 

far u c h  .lit. Thaa w e t s  which are dofinitoly srtendod bodha 

are retaiwd h8r8. 8oth the r i r a  and fall  tiaPU (24 bit8 i pioca) 

aro kept; t h y  are rtored altaruately. Thw, say, tha wen locationr 

coataln rim t-, add locrtioas contain fal l  tiaror. 

Tb ru_rard -& Of lbt8, for 8tW8 (Or 0th.t tarmt8 who88 

laeowitia do not accead an uppar bicrm l.vrl), i 6  -11y thrrr 

1i.t~. 

92 rupmtive ly .  

and fall  tirse. 

~ i a t r  P1 a d  JVJ centaia tb tramit timu for rlitr il rad 

tramit t h  is -ut the merage of t h  rfrw 

Lirt a2 cartaim the intearity codas for both rlito.  

8- ~ c b  i r  0 0 1 ~  

txm dodm in osu wml. 'Ih. conlrentiaa could be, my,  tbt  t b  Eo8t 

b i t 8  long, WWJ 8 12-bLt au~him cmld - tab  

mlgmificant b i t 8  bolcmg to r l i t  01, t b  1-t rwif%Cant to .lit a. 
Tho aordu in d i c h  antrh8 a& ma& a n  compatible vith tw in  l h t e  

1 rud 3 for purporeo of idsrrtificatlon. 

Let w aoaurr~ that y. mala r l l w a n c a  for five esendrd bodyl 



-get8 8nd fifteen 8t8r8 for each camera man. '1cbon limo 1,  2 ,  

and 3 need each to be f i f teen locations long per scan. If data is 

gathered for ten scam, th i s  amounts to 450 locat..oua. Similarly, 

for the planeta, 200 locations are needed (2 slits, 2 t-, 10 

scam). 

-troy& during the proceae of identification. 

a i r  infonuation ie all, of course, taqorary a d  will be 

2%- requiremntu are the only onem d i rcumd in the pruseat 

memorandum. A future publication (TM-9552-8) emcentrates on the 

computer interrupt promam (which accept8, profwme8, snd dimemhato  

the camera data to the respective lists) and determiner mramory require- 

menta and execution speed8 for thir progrttm. 
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I. SUQSTDE9ZCTXW 

Th. baric c~1npomt8 of tha detector 8y8tem are 8howa i n  Figure 

1 and the impartant rycrtem chsrac te r i r t ic r  lietcrd ia Table 1. d. 

the target  travuHO the crorud-#lit conf-ation oa the cmmra 

focal 8urf .C. ,  p u l 8 u  are gmmmted by thr photanrultiplien which 

8ub.eq#ntly be d for d.tmiMtim Of t-it tw and 

i n u n r i t y  . 
It la t o  be aoted frap &ble If that tho .lit width i, tb ea- 

a8 the blur circla diameter (i.a., the dfror tor  which conta iw 

85% of the image energy) 8ad both are qual  t o  20 Ucoadr of 8rc. 

Of courwa, a8 WILI in Figure 1,  the .lie0 8re tnC1kp.d to the 

vartical by 30° 80 tbt  the effect ive slit width i8 2O1’/c0r S@ - 23!*.1. 

interpolation of the  .lit ie evidently m c r ~ a r y .  AS ha8 bean r h ,  

an interpolation of a t  least 116 of the r l l t  width ensures that fa l se  

t awtr  and milsad t8rg.t. will ba negllgtble. 

&mwa ttrst a given angular accuracy Q (in #rcoadr of arc), acaa 

p8rSod T (in ~caad. of t h m ) ,  target photographic mrgnitud. 

and caumra aperture D (in C 8 n t w t @ ? 8 )  murt a l l  k mlated b p  

Siace the tar-t Xocetioa accuracy i8 ten recoad. of arc, 
3 

a m  mf.rmcS 

3, 

We have al tered the valucl. in Reference 3 to  c a n u p a d  to  
an off-tive slit width of 23V1. 
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mote that an intorpolation factor 

Q 3Y85.) ai8 rahtbn mku tho alrrumption that r igor1 photon 

nOi.8 i8 the factor limiting accuracy which io  true for proper 

re lact ion of the pbotomultipliar. Piguto 2 sham the ralatlon 

(1) for uveral rpin priob. Wo wa tbat rtarn brighter t b n  

-!,2.5 msgnitud8 and #pin poriod8 longer t b n  ton lu~ond. give orroro 

no greater than 3,5 socandr of arc. 

1/6 moan, aa BE18 angular error 

Figure 3 ohm8 to what t h o  accuracy th. pbotoPultiplimr pul- 

wrlt be m a r u n d  for a g i w n  angular reaofutioa a d  man period 

combination in Figuta 2. fir examplo, a p.riod of ton recondo for 

t h  cam.r8 @can m U i r 0  that  8 c lock aCCWat8 to 8 p8OCorrd8 Wt 

b. availobla in ord8r t o  k n p  clock =or0 balm? tho expactad angular 

mfltoro for  target8 lor8 brfght than -1.5 magnitude. 

clock for tho r a m  rcen prriod would b e p  ortor8 8t 1 recond of arc 

for o u r s  brighter than -1magrritudo. 

A 10 p..toad 
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Figure 2:  Angle Error as Function of Stellar.  
Magnitude and Scan Period . 

Conditions : 
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11. PORWTIOn OF DA!CA 

A. Photomprltiplier Out= 

Bacaure of the requtranmnt that the phototube detect both #tan 

and planet., 8- very br-t object8 m y  br obrerved. To prwent 

damage t o  the phototube dum to high current i t  ia  plannod that the 

gain w i l l  be chaagod t o  maintain the an& Currant conlt8nt. 

the multiplier voltage 3111 ba a ~imlur. of the mgnitude of tb 

target while the faot tLH and fa l l  t ha8  of the phototub. an& 

curtant will bo ured for  tramit t h  meaiur(caYntr. 

both tbo mul t ip l ie r  voltaga and 8 d  curront 8e a function of target 

Thw 

Piguro 4 8hwr 

magaitudo. Thir figuri %e maat to be repre8entativ-a thm lQfI 

60945 tuba would not be tha axact OLH ured due to vibration d i f f i -  

cu l t  io. 

Th. zero 8 i g ~ l  voltage on the tube, b, i 8  about 1900 volt@ 

80 tbat an 1150 vol t  pUl88 w i l l  be generated for  a lrc megnituda 

War. Thw the two pulse 8hapO8 w i l l  appear 80 in Figure 5 (for 

a 18t magnitude target) .  Note tha t  the % cwve ha8 8 8lawrc rire 

tu than the s n o b  cumeat C U N O .  The l a t t u  i 8  t h r e f o r e  more 

w e f u l  for timn mab8ureamkt8 while the former c8n bo m+.rwad far 

magnitude while a t  the s a n ~  tiom protactlug the tube  from arcerriw 

current damage. 

B. Csmara Electronics 

The electronic ixutrumntation between th. photomultiplierr and 

tho computer i 8  nocerrrarily divided in to  two p s r t r .  Becawe the 
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d8t.ctor w i l l  be meparat8 from the rpace vehicl8 and not coupled 

to i t  by anything which mQht dir turb i t a  (tb btoctor'r) motion, 

information w i l l  be trananittad f r m  the dotactor t o  the vahicle, 

a dirtanca betweon rix incha and four f ra t .  

1. a p r U b  flUttupp.pt8tiOU 

To minimiz8 ths  inrtrwmntrtion in th8 datetalt capmule, both 

tb. anode current and m u l t i p l i e r  voltage p u U u  a n  to  bo mt 

krm.dietely to  th8 mothrt v8hich for aaalyoi8. ThU dom not 

require fow reparat8 trenmnisaion channelr but cam b. dam by 

modulatfmg a carrier frequency as 8ham mcbrmoticolly la Figure 6. 

For aurmple, the curroat pulaa, xAl, from photomultipli8r 81 changar 
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the frequ8ncy of the output of osc i l la tor  #lA vhicb in turn maplit& 

d u l a t e a  a martor dcrouova orc i l la tor .  The meter carrior i8 

th ra  t r d t t e d  to th mother vehicle for procuring. A l l  four 

output@ of tha tu0 photapwltiplierr r imilarly r h i f t  their reapactivo 

orcillator froquenciar. Ihr m i g a a l  transmitted has, then, a band- 

width NLCo the v a l w  of tho highart modulator fmuency a d  ir 

coxaterod on tb. master omcillator fraqumcy. 

C., Pete Lug* 

It ir planned t o  comtruct NO 24-bit word0 for +.cb UWt 

trruuit of a given slit. The: method of coartructian is ahem fn 
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i1lumiaat.d for 116 of period or 1.667 

by 8 f u l l  dLlc planat. 

dwell time would CEO-- 1.667/W5 = 166,700 C O U L I ~  and could 

(ten rocond par-) 

U8- a 10 p8ecobd count t e a o l u t f ~ ,  ewh  

f i l l  jwt 0v.r 1/2 of ml+bit ragistrr. 

bit. identical to tho lmut  18 b i t r  of tbo Wapo8d Tims Bsgfrter 

numbor (0  SUII~ rlit #t, 1 m n a  m l i t  12) .#j tun far u t a m  tag 

B i t u s t i a n .  The total rrunkr of bi t8  prod@ to 24 -t- 20 - 44 which 

would fit %a two word@ uoh 22 b i t r  l-. Hanvrnr, tha computar 

w i l l  eacept data equs2 to ftr word length, uhicb we foa l  b88 8 hQb 

probbLllty of being i n  tbr 24-30-bit ram. hrrtb-e, to nt8b 

tho rUm time La OIY udt ,  a 24-bit input i. raqu-; complicating 
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II om-bit targat t88, sad th6 22-bLt lavar pbrtion of the Elepmd 

rims Registar a t  f a l l  cham. 

So much for plauets end othm axtondad urgeto. Starm a m  

ocpcb simpler in that, bahg a h m t  point eourcw, they ramsin no 

longer than about 368 p1P8Cod8 b the slit. 

thon, n o w  t h n  mix 

or- not to caqff.Cat8 &ha hsrdware, however, it $8 8uggast.d that 

th8 =-bit 1Quor portton of the Blaap8.d Tirno RsgiotQs ba traueferrod 

to tbo ur~oad word upon Irueipt of tho fa l l  tium pulse  i n  the rpB'IuIyLr 

i b t i c r l  to th t  u m d  for ph1tt8 .  

&lay, bitw 17-22 of thirr word a n  ovawrittm w i t h  tba iateartty 

To ammure fell  time, 

b i t 6  would ba needed for counting. In 

Xu addition, after a abort 

C&. 'Ltu, 8poda C U r r m t  rm t- pUlb8, Of C m ,  traEI8fe 

24-bitr htorern ths Phprrd ?W ugf6 tW ird t b  U O Q  T W  

alm ae ia dons for plamto. F a  stat., thar, tbe retad word 

coakfiu: 

iatmalty cod., and a 16-bit fa l l  timi, 

way in  r r ~ l l u  of what's nmded, but compatibility with the plrnot  

detectiou procdura and uniformity of word l-th muggwte th.u 

a wra-bft slit t.8, a --bit: Umt tag, a tfx-bgt 

Again the '16 httlv a n  

values. 

fa aqy event, shortly after f a l l  tim, the. canputor ie i n f o 4  

tbat data ie xwidy &e?eupom thcr two watd. a w  traarfarred .itbar 

d i n c t l y  into the computar or into an iatcuardtate buffer. 
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bo arriving a t  unprodictrblr t-8. 

mt8 ,  hvo fmtuno of 8 apace computer which a m  highly derirable 

are: 

interrupt capability. 

To accQPOQto them roquira- 

(1) at  1W.t oly buffemit input/output chanml, and (2) an 

%e intorrupt frattwo ir, of couru, ahmot a Ilacosrity 

wh.n tha computor ia d u l i n g  with a w i d e  rang8 of problmm oach 

having 8 different pr ior i ty  lmv.1. For aample,  if tho computer 

i. curroatly .ngsged i n  transmitting rcientific data t o  a r r h  when 

data ruddmkly arrivom frcnn 8 higher pr ior i ty  mourco, one would Wire 

that tha computer inm.dtatrly devote i t a  at tent ion to thim lattor 

problom, but at  th8 8- t- not dostmy information b i n g  mediad 

for trawmt#8ion t o  Batth. Tbir can be accompli.hod with lvinterruptll 

in tho follcruing roanor. 

Icpacr rocoiving an f n t a m p t  rignal, tho c0eaput.r autaarticcllly 

(i.a., by ab.l~l of he-) jtaapr t o  a pra-aratgned location from 

which it actracts tho -t inrtmction. This Lnrtnrtian and tho 

O a 8 U b g  oaquance of Sxk8trrpotianr p o r f m  tho tub of (8) rtoriag 

any data which i a  p.rtlnmt t o  tha original program 8ad which might 

be d e o t r v d  in  tha pro8ent rout im,  (b) wariug which &vieo cawad 

the  intQRtpt,  ( c )  carrying out the aacumry usago to r.move tho 

intorrupt ( th i r  rary mrrrrly b. data input or may be reriow oaough 
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scrap the prumt prog?8m foe 8- ".e.rs.LlCy" fmction), and finally 

(d) reatorfag the origilyl program data and return- to it. 

thir  ~tuae?, 8 number of furrctionrr can be monitorad a d  updated 

fa 

" r i . I U l ~ ~ 8 1 y " .  

Tho buffered ippUt/output fu ture  Sa iuo8t w f u l  whm blocla 

of information amd to k tnnmferred r a t h u  th.a o m  word a t  8 tk . .  

Also, on Input:, data may arrive %n a r d o a  faahion 8r it do- from 

th8 #C8=1- C 8 m .  Tbur if hn, Word. 8 r r l V O  C l w  8UCM@8hl, 

tho reand OLI. UY be 1-t dur to tb. Caarputer Ming buoy pm- 

procoming the firrt. 

iafarPstion until the computer c8n 8ccapt i t .  

channel which cont8ln8 8 holding rogi8t.r is 8 buffer 81nce tha infor- 

mation i8 ret8ined =til tho computer h80 available tirmr to  receive 

It .  

ret of holding r0gf.t-8. a i r  devica c8n accept data from 8 certain 

8.nlor at an a t r . r s l y  high tat. of 8 p d  (the "iartruction8" 8re 

a l l  perfonmd with hardware) a d  alro o m a t u  iod.penbntly of the 

cequtex .  

To avoid th is ,  8 buff- i o  added which rekfna 

In 8 8eu88, each input 

Tha word v8buffer11 i. gcna. l ly  resomod for I nultipla-ward 

A typlccll 80qUOlbCO d g b t  b 8 S  f O l l O W 0 .  Wh%& the Coolgut- %a 

rP.cutfag 8 gfvan HqU.ac., d8ta 8ntVO# at th8 buffar fn th8 fOrn 

of 8hg10 t90td8, rp8c.d in t b a  . 
interrupt ir mnt to the computer. 

from ftr roquonce, hawrvu, rmrrrrl more data words may enter the 

buffer, being rtored in  it  e.qurat&ally. 

When th8 fbmt uo?d arrive8 , 8n 

Before the camputor can ait 

Tba coopputar, when i t  
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enter8 the interrupt routb., eepticrr the buffor of a l l  it. vord8 

and any that might .vIQ during t h i s  Oper8t%olt. IMnally, the  

computer return8 to  i t8  orSgiua1 requence wtil the buffor, oa 

receiving another word of data, interrupt. again. 

8.ccrua8 such a buff= it- incaning data mquoatially, two 

inda r ~ i r t u 8  w i l l  psobably bav. t o  b. M. 

cqltab the addr-8 ob the iYIt buffer location to k f i l l e d  by in- 

caaiing data. Tbt8 io theu 8tepp.d each the  tb data 8nter8. Th. 

other iadrx, or  count^, cantaim the addre88 of tho *t buffer 

location to  be emptied by the c0 l l lp~ t8 t ,  and t h U ” i 8  a180 0tepp.d 

each timr a data word i8 tranoferred from t& buff- to  the cmputer, 

whrn th. two indicier am equal, no data ir in tho buff-, w h i h  

their difference d-tu th. wmb# of word8 r u d y  to emt8r th. 

Orr. rill alway8 

canputer . 
8 .  C l o c k 8 a d T i m 8 g o p i q  

On beard a apace vdxiclu for any extendad journey w i l l  probably 

be a highly accurata and rtablo arcillator which can bo uMd to 1-p 

t h m .  

being added i n  a binary forhian to a d i g i t a l  counting rugi8trr in 

The output &8 in the farm of a mrlm of pu1a.r which, om 

its lcrucrrt b i t ,  produeem, in thi8 counter tb. binary cadad el8p8ed 

ttaa. This in turn can be u8d to drivo othu drv%ca8 mach a8 an 

oldln41c1p clock vhich 

Thr counting register also can pravid. pur- at ratem which a n  

1, 1/2, 1/4, 1/8, etc. of tba original oscillator rate. 

in yman, mrmtbr, day@;. hours, and 88coPud.. 
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Ut W Sey that thm aWd8 t o  be mea8*Jsed to  an accuracy of 

one microoaccmd for a duraf-ion of ten yeare. 

counto i n  thrS interval ia 3,15312 x ld4. 
of holding th i& number mult be at  laeat 4 9  bits long, 

rwieter could actually hold a number a6 large as 2'$9 - 1 or 'wt 

der 5.63 x With one microeecoud resolution, it can keep 

The total number of 

A binary register capable 

Such a 

time for a b 8 t  18 yeazrr. 

More opecifically for the acannfrtg camera, 81 noted in Section 

XI-a-3, rqirrtere are needed for the construction of the date wards .  

Time it one of the mmwred quantitieta. 

meinty by Lhe meaawaasmt, rinca one doers not want the c h c k  t o  l imit  

Lha uavigational preclaion. The length of the measurement, that fa 

the duratias of the data gatharfw period, determinee the ries of the 

t3.m nrrarbar which will not be errceeded. 

Its accuracy ir dareeminad 

A t  the beginning of the measwmmnt, the camputex will read 

the moin clock and a180 8t8rt an additiorurl register counting ['%lapred 

linrrr ilegLIteP1 of P i g m e  8). ThU latter counter then measure8 th8 

elapcld time frm mPL&luremnt initiation. It ta this t ime which  it^ 

gatad by the rise L i m e  p u h a  into & "Rioa Time Regiltaf" prior t o  

input t o  the computer or the buffer. 

To determine the word length of the Ria@+ Tiraa end Elapoed Tior,  

wi8trrr, let UB 88rlare rbat tho camera will lcan through a canplate 

rotethon bl tinata end that the angular RHS ertoa:, a, in given through thu 

relation (1) of Section Io S~XICQ the rsltfo of the elapsed rimo 
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t4T (T i a  the scan period) to tho dashed tim, resolution should be 

grestar than the ratio of the total wan eagle to  the Bpp) angle e m ,  

e& i f  we gloluma that m e  cctnt io eq~i*~.a?mt tc the SIS  a a g h  8rrce, 

the tota l  number of counts rQquLrad to mdiiiu~cg the target traasft tim. 

to  th8 de8ir8d the rrrrohtian Ln a length of time XI! 5. 

w h e r e  a Le in idcoadlp of arc, D 5.n C e n t i n r S t e x I ,  T in oecon&t, and 

'9p io tbs photographic magnitude of th6 targat. Wa ma that tho 

total count &pen& on many dmign prr?&m6t@mD rfnn the 6 n g U l . r  

resolution, Q, aleo depends on t h e s e .  

(lowax $1 require a larger count bface the angular mCasur&nent can 

be mota accurate, Similarly for epertura aim: trpctsased B m r r b  

more enargy gatheed and heam better target lacation. 

Thus the brighter target8 

If tbs counting ragistar Lo n bits long, n muet bo wch ttvrt 

Wing e 4 inch aperture @.I 10.17 cm.) rod targat@ a$ bright aa 

mp = -1.5 mgnitude, C I L ~  W k t  the -1 L h .  laft bod B i Q  

of (3) with the result that minimum word bsngth i o  gtven by 
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air relation L8 8bour in Figure 9 for varioW =an period8 and number 

of scms. 

rr-8 of p.rlode and .cam choaen, the word length io boaman 19 

.#I 25 bits far the tramit tin. counter. 

olrrr 8.- that not a great change t.1;BI. place, but for cbe 

Viewed fa mother mum8r, ~CLB can cowidor tbo cam where th8 

VOWS fwgth in thio cauutar contributes no grutaw error than 8 

C U t 8 b  8-Uw r 8 8 d U t f m h .  Table ff ohm B W b  r a U l t 8  fm V8rlou lr  

.can numbor8 amd angular mor8. 

tm 8caw with a d o i r 8 d  8rror bolcn two m e c a a d r  of arc roquiror 

tbt  tb -d leagth ba at  l u r t  23 bl tr  long. 

d w  targat* mey o.#o a greater axqplar mor urd h a c 8  d o a h t o  

tho g.8urp.nt,  the brighter targot8 (thor8 which contributr mmiure- 

a n t  u r ~ r 8  below 2") rill htra their error# dominated by t h m  finite 

wxd l-th of tb. count=. 

Ftm axample, collect- data for 

Tbi8 m u m 9  that, while 

In grswrcrl, then, to ba 8ur8 of the null  effect of w o r d  length 

err# and a180 to paradt dat8 cothction ov# tm t C . P . ,  tha tr8rtrit 

tW caurtar rbould be 24 b i t#  lorrg. 

i o  ~~cordmc8 w i t h  l?i.gmm 3, t#nrld Pot b e  a p8tiud longor tban 

10 p~coad. .  

Fbrtb-8, I t 8  lcwert b i t ,  

C. Data Uput aad R~Rroeaming T a m b  

3!bm cmwra data f o d  by the raaasurm~ent 8lectronPco w i l l  

probably not be fn a form appropriate for WH i n  thr navtgatimal 

eq\utLan.. 

value8 of armm~ren~ent~ azt u v u a l  paranateta (e. g., a 24-bit wood 

could ccmtrlln four valwg, oach l r i x  b i ta  Long). Since diff8rmt 

Rut i., tba b i t  I tLZ ICturQ of a oingla word may caau in  
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m~lwramnt .  aro W in diffarout portbnm of the data procur ing  

a cortain amwjnt of pn-procuring mwt be accamp1i.h.d t o  moparate 

th. data into the i r  caqmlwat part., 

1. Data Input 

srt.r&ag the word8 in to  tho computer i. tlu f i t r t  rnquLrrPlat. 

Z!m conridoration -mry Itam ir: can tb iht. bo input aad ma- 
p r o e m  a t  a m f f i c h u t l y  fast rat. t o  prmvont infarP.tioP lout 

2%- rata i. influoncod by (a) tho . r p . c u d  taxgot rat., @) tha 

n- of womb that have to lm input 

of pro-procmoing requirad. Actually, (a) ham l i t t lo  offoct on tho 

ccmputer 8-0 the tamt ta i l1  remain in the -8 .lit for 8 

cauparativaly lory tLmo. A tar o o c d  p.rW and 23'21 rlit width 

(affective), maum that tho photamultiplier ill\Enrination rrprLnr 

&we 112 i ta  p u k  valu. fot 

twgat, aad (e) tha amount 
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24 bl t s  warn a rewonable aim for the tratuit tiwr counter. Hat 

a l l  of thir lblb.8 be retained i n  the camrrra ehct tonics ,  huuevet, 

?or otrwpls, i f  tho 12 1-t older b i t 8  were contaimd hem, and 

tbr caraputu notifird rsoh thm thir 12-bit counter overflowed, then 

thr cornputax could count the overflows and armntially make up th. 

otbvr 12 bits of tho f u l l  24-blt counter. If the 1-t order b i t  

c w a  e r n  memy 10 p8occmds, then tbe =-bit countat w i l l  over- 

flow .vary 0.41 #ocmd~, an 18-bit counter every 2.62 tmcond8, and 

8 ?-bit CaUnt8r 1.22 dl1h8to&de. 

8ach tisrr mrf  low occurs, h m e r ,  tb computer must k interrupt- 

ed and wrlt then updete i t 8  part of the traarlt tSIIle countor. Alm, 

when tho data f h l l y  -tom, the full 24-bit tramit tima w i l l  

hava to ba araagblad from i ta  scrpsrcrre partcr. 

By putt- 8orrm of th8 tramit t h  counter bltr  in  the canputrr, 

hardmar8 &8 8av.d %at tho c.DDIra eloctroniu section. 

8 m u l t a n t  complication and addad p r o c u m h g  load on the computer. 

Ram tbo rtandpofnt of m l i r b i l l t y ,  thara arm many mora mt8t.Loru 

frmolved Sn 8 oplit  tramit t h o  counter thrrclby irreruiaing tho 

probability of (L failure. Since the bardwan awing ie quite -11, 

it U c-1Ud.d tb t  th. full t18tl8f.t ttaa wmd 8 b u I d  b. rt.taimd 

But thore i8 

by tha -a .l.ctxrautc#. 

Fran the nudmra 8hnm tn figure 8, than, pw mica that about 48 

b i t e  of &ita are grnrrtrtd for each target tramit, According to 

th. baofc word length of the compueex or input buf€az, the amher 

of data wrrdr sou, given by tho following tabu. 86eauee 8pa- 
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48 

24 

18 

Word 
faagrh 

3 

X i a h  9 
Data W o r d a  

1 

2 

camputers  w i l l  probably have word leugtha analler t b n  48 b i t 8  but 

not lese than 18, the data w i l l  have t o  be accepted at  the rate of 

2 or 3 per target tramit. 

2. Pre-Race88ing 

Let u8 a08Ume for the following diecuosioa that the c0mput.r 

hcrr, a 24-bit or greater word length, the f i r s t  data word t o  enter 

i8 from the  m80 TkPe muter, sad the wd cmf8ta  of mm8t 

tag, lntear i ty ,  and fall tima 80 8 h m  in m e  8. When dirt8 ir 

ready t o  enter the computer frm 8 certain rlit, tbe 8equence opewat- 

h g  et that time &n iaterrupted and another sequence, outlined i n  

Figure 10, i. executed. A f t a  accepting two uardr, it  is determix& 

whether a planet waa definitely righted @y 

in the eecoad word). I f  it W B I ,  both the  24-bit f i m t  ward ( a d  

current rue time) and the 22-bit f a l l  tirmr w i l l  h v e  t o  be rutainad 

neparately u n t i l  it io detcrrmined whether the larrdhg or t ra i l ing  

planet edge i8 derired. Thin ia not 8cccmplUhed an t i1  the attitude 

c8n be found. Thur tha rise t i m e  and 22-bit fall time are ntored 

in  a tramit time lirt undsr the appropriate 61it number. 

number occur8 aa the 24th b i t  of the recond word.) 

of the 23rd b i t  

(The #lit 
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If the target appeared er a #tar, then the fall time 5 8  selected 

from the second ward, divided by 2, and sddsd to elm flr8t word. 

%is then becane8 the central tranoit tium of the itar 8nd ir 8tored 

under tha appropriste slit. The intensity is then mlectd fram 

the 8econd word and a m  stored. 

lluwming the computer bou a word length of 24 b2ro 01 =e, tha 

tramit time and -it+ data for otara LLIY to be stored in their 

order of recoipt in tkem l u t e .  W i t  #l contaLar the 24-bit tz8nrit 

61 

Tsarmit 
Timrr 

#2 

I fntsrrsitia 

#3 

a m  
S l i t  81 S l i t  #2 

t- from .lit #1; l W t  83 contuiar 8imilar &W from 8llt  62; 

1Ut #2 cwtaiar the ZntaUity data far both 8 1 i t m  8-e oach 

datum S8 only aix b i t 8  o1oag. The cornanticar could be that 8lit 

#l interoitlcw ehya occur in the upper brrlf of the WoId, sllt #2 
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i n t e a s i t i u  in the lower b l f .  Since data arrive# crud is i torad 

canrecutively, the third ontry, for example, in llrt il corrupoad. 

t o  the upper half of tho third 8ntW in l18t 82 and 80 forth.  Tbw 

the location la e i the r  li8t #l 01: llrt #3 autcaa&tIcally givm tha 

lacation i n  list gZ. 

hnn i f  the camputor had a word length of 30 b i t s  

or mora, it would probably not prwo odvantageoui to atwe tramit 

timr and Intomity data togather rince they toauld froquently beva 

to b. uparatad f a r  th8 maw tuts and cakulatiou8 p a r f o m d  during 

ident i f icat ion and the sohition of th8 navigation81 aquatioxu. 

It 18 sugge8trd that a ncond mot of l i m t 8  k rommad far thome 

target# dofinitoly identified ar planets (or at lomt attended bodler). 

Only am list. are Lnvolved hare, one for  oath rllt. The rime and 

f a l l  times are stored for urch rl i t  caruecuriv8ly. I h t  l a ,  the even 

location*, may, are occupiod by rime ti- and tho odd by f a l l  

S l i t  tl S l l t  #2 

rise tinr 1 

fa l l  time 1 

r i m 8  tftW 2 

f a l l  tima 2 

I rim t- 11 

To conmtruct a 24-bit fall timr, th8 8equa3lce in tb8 sketch 

i a  follawad. 

tho correapandlng rim t i m a  bitr. 

loading two fall tima b i t r  are mad. identical  t o  

'Lb. two nt.Embar6 ara then compared. 
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Ineart 23rd and 24th b i t #  
of rise rima into 

cmaspoedfng bite of  
fa l l  time 

4 1 

previous s t e p  

no 

Si- tho f a l l  tima mtUt accead the rtao tbw, and since thei 22 

b i t #  of tba Z l r p d  Timr, atgiatsr can have overflowed batwen tham 

t i a r o  only once, one b i t  i. added in the23r4 place i f  tbs  fal l  tima 

p w  foe. The r86ultc) a1?. than 8tored. 

program r1:etched b r a  is treated in  d e t u i l  in ‘lM-9552-8 

which ala0 includer eetiarrtea of the mdmwy requirements and execution 

t-. 


